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STUDIES ON THE PERCUTANEOUS ABSORPTION OF C'4 LABELED STEROIDS
BY USE OF THE GAS-FLOW CELL*
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In the past few years compounds labeled
with radioisotopes have found wide application
in dermatologic research, particularly in the
field of percutaneous absorption (1). Quantita-
tive penetration of radioactive materials through
the skin surface may be studied by detection
of these compounds in body fluids, organs,
tissues, excrcta, or expired air, and pathways
of absorption can be determined by autoradiog-
raphy. One of the simplest methods of examin-
ing passage of radioactive substances through
the skin, however, consists of periodic observa-
tions of residual activity at the site of applica-
tion. For a time this technic was limited by
counting devices capable of detecting only
gamma and the stronger beta emissions, but
recently a counter has been designed which is
eminently suitable for detecting radiation at
the skin surface even from weak beta emitters (2).
For this purpose we have used a light weight
thin end-window gas-flow cellf (Figs. 1—3) con-
structed of stainless steel tubing 5.0 cm. in
diameter, with a stainless steel anode. The
window, which is .00025 inches thick, is made
of aluminized Mylar, a polyester plastic. When
in operation the counting device is placed firmly
over a rubber gasket 5 cm. in diameter and 1
cm. thick which rests on the skin, encircling
the site of application of the radioactive material.
The gas used is helium passed through ethyl
alcohol. Counts are recorded on a scaler for
2—5 minute time intervals.
This gas-flow cell has been used to investigate
more fully the percutaneous absorption of
hydrocortisone, cortisone, and testosterone under
varying conditions, as well as to determine
barrier regeneration time in the human.
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Dr. George LeRoy, Professor of Medicine, Univer-
sity of Chicago.
METHOD
10 microcuries of hydrooortisone -4-C'4 (free
alcohol)t weighing 2.5 mgm. and having a specific
activity of 1.467 pe/m.mole were incorporated
together with 22.5 mgm. of non-radioactive "car-
rier" hydrocortisone into 1 Gm. of a cholesterol-
ized petrolatum base. Aliquots ranging from 0.9
mgm to 2.8 mgm of this 234% hydrocortisone
ointment were lightly and evenly rubbed into 1
square centimeter areas of skin on the flexor sur-
face of the forearm.
7.6 mieroeuries of cortisone -4-C'4 aeetate9f
weighing 6.30 mgm. and having a specific activity
of 0.49 pe/m.mole were incorporated with 6.27
mgm. of non-radioactive "carrier" cortisone ace-
tate into 0.5 Gm. of the eholesterolized petrolatum
base. This 234% cortisone ointment was applied
to the skin in a manner identical to that described
for hydroeortisone.
3.0 mgm. of testosterone -4-C'4 having a specific
activity of 2 1ie/mM were used for the following
2 preparations: 1.37 mgm. of testosterone -4-C'4
and 23.52 mgm. of "carrier" testosterone were
incorporated into 1.0 Gm. of the eholesterolized
petrolatum ointment base, and 1.63 mgm. of
testosterone -4-C" was dissolved in 12.56 Gms. of
petroleum ether containing 1% ethyl alcohol.
The 234% testosterone ointment was applied as
described for hydrooortisone while the testoster-
one in petroleum ether was dropped on the skin
surface from a fine dropper in amounts of 1—2
mgm. of the solution.
In all subjects radioactivity was measured by
the gas-flow cell at time intervals of 45—60 minutes
following applications on normal or ultraviolet
light exposed test sites. More frequent counts were
obtained as shown on the accompanying graphs
when stripped skin sites were studied. Serial
observations indicated a precision of for
the gas-flow cell when samples containing less
than 0.03 pe/em' were counted for 3—5 minutes.
The factors accounting for this margin of error
t This material was kindly supplied by the
National Institutes of Health through Dr. Sam
H. Hall.
§ This base contains petrolatum, cholesterol,
multiwax, and mineral oil. Both the ointment and
the "carrier" hydroeortisone were supplied by
the Upjohn Company, Kalamazoo, Michigan.¶ This material was kindly supplied by the
National Institutes of Health through Dr. Sam.
H. Hall.
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FIG. 1. Gas flow cell showing aluminized Mylar end-window, and rubber gasket
FIG. 2. Gas flow cell and rubber gasket in position for skin surface counting
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Fm. 3. Gas flow cell in use
include difficulty in placing the counting device
over precisely the same skin area and with the
same degree of pressure on successive occasions,
as well as increased extraneous radioactivity
recorded because of the counter's relatively light-
weight shielding.
Where stripped skin sites were studied they were
prepared with the use of the stripping machine
(3) or with adhesive cellophane tape applied by
hand. When these stripped skin sites were studied
for time periods exceeding 6 hours they were
covered by perforated aluminum eye patches
taped firmly to the skin.
All subjects used in the current studies were
healthy young adults.
RESULTS
I. Absorption Studies with Hydrocortisone -4-C'4
Hydrocortisone -4-C14 ointment was applied
to a total of 8 normal skin sites on the flexor
surface of the forearm in 4 subjects. No signifi-
cant absorption could be detected from any
of these sites over observation periods ranging
from 5j, to 6 hours.
Hydrocortisone 4C14 ointment was then
applied to a total of 5 skin sites in 3 subjects
immediately following stripping (graphs 1 and 2).
Within 5 minutes there was evidence of absorp-
tion at all test sites with levels of residual radio-
activity ranging from 52—84%. After 1 hour
radioactivity at these sites had decreased fur-
ther to 16—37% of the original levels. 4—6 kours
after ointment application residual activity vary-
ing from 10—22% was observed at 4 of the skin
sites.
II. Absorption Studies with Cortisone -4-C'4 acetate
Cortisone -4-C'4 acetate ointment was applied
to a total of seven normal skin sites on 4 sub-
jects. No absorption was observed from any of
these test sites over periods ranging from 4—53
hours.
Cortisone -4-C'4 acetate ointment was then
applied to a total of 6 stripped skin sites in 4
subjects immediately following stripping. Pene-
tration of cortisone could not be detected from
any of these stripped areas over observation
periods of 5—6j4 hours.
III. Absorption Studies with Testosterone -4-C'4
Testosterone -4-C'4 ointment was applied to a
total of 10 normal skin sites in 4 subjects. No
S a't
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absorption could bc dctectcd from any of thcse
test sites over observation periods of 4—6 hours.
Testosterone -4-C'4 in petroleum ether with 1 %
ethyl alcohol was applied to 5 normal skin sites
in 2 subjects. At 4 of these test sites measure-
ments of residual radioactivity ranged from 75—
85% of the original levels of activity after 6—7
hours; at 1 test site no absorption could be de-
tected (see "controls", graphs 5 and 6).
When the findings suggested that testosterone
-4-C'4 in petroleum ether was absorbed through
normal skin, topical applications of the hormone
to normal skin for periods of 2—5 days were
made as follows: testosterone -4-C'4 in petroleum
ether was applied to single sites in each of 3
subjects, and testosterone -4-C'4 ointment was
applied to 2 sites in each of 3 subjects. The
results appear on graphs 3 and 4. Declines in
residual radioactivity to levels of 50—82% oc-
curred from the petroleum ether base within
19—24 hours after application, continuing to fall
in 1 subject to a level of 32% of the initial radio-
activity 5 days after application. Absorption of
testosterone 4fj4 from the ointment base
was then demonstrated by declines in levels of
radioactivity to 41—58% of the original levels 48
hours after application.
Testosterone -4-C'4 ointment was applied to
2 skin sites in each of 4 subjects immediately
after stripping (graphs 5 and 6). Within 10—15
minutes all stripped sites showed some absorp-
tion with levels of residual radioactivity ranging
from 57—78%. 50—60 minutes after application re-
sidual radioactivity had decreased further to
levels of 23—45%. At the end of approximately
3 hours only 9—22% of the material originally
applied could he detected.In 1 subject 4—5% of
the topically applied testosterone-4-C'4 could
still be measured 14 hours later.
IV. Absorption Studies following
Ultraviolet Light Exposure
Hydrocortisone -4-C'4 ointment was applied
to 6 normal skin sites in 4 subjects immediately
after exposure of these sites to an erythema dose
of ultraviolet light. No significant absorption
of the hormone could be detected from any of
the areas tested over observation periods of 3
hours. Hydroeortisone -4-C'4 ointment was then
applied to 7 skin sites in 2 subjects after erythema
became visible 3—5 hours following ultraviolet
light exposure. Absorption of hydrocortisone
could not be demonstrated from any of these
sites over observation periods of 3—5 hours.
5 normal skin sites in 3 subjects were also
tested as follows: 23 % hydro cortisone oint-
ment was applied to all sites and 1 hour
00
80
60
40
20
20 60 00 40 80 220 260 300 340 380
TIME IMIN.)
GRAPH 1
81
I.-z
w 61
C)
Iiia
a .
. S
210 230 250130
TIME (MIN.)
GRAPHS 1 and 2. ilydrocortisone -4-C'4 ointment applied to stripped skin sites. "Per cent" = per
cent of initial radioactivity remaining (i.e., residual radioactivity). The 2 upper fiat curves are "con-
trols" representing hydrocortisone ointment applied to normal skin sites.
later, after removal of the ointment, an erythema
dose of ultraviolet light was given to each site.
Hydrocortisone -4-C'4 ointment was then applied
to all the test areas. No absorption of hydro-
cortisone was detectable from 1 site after 1 )
hours or from the remaining 4 sites after 3J
hours.
V. Absorption Studies as a Measure of
Barrier Regeneration Time
Since it was observed that residual radio-
activity levels of testosterone -4-C'4 dropped to
40—50% within 40 minutes after application to
freshly stripped skin sites, it was decided to de-
termine barrier regeneration time by the fol-
lowing method: in 4 subjects serial skin sites
were stripped and then, after periods of time
which increased progressively from 25—72 hours,
testosterone -4-C'4 ointment was applied to
the test sites and absorption measured over a
40 minute time interval (graphs 7 and 8). In
3 subjects 40 minute residual radioactivity levels
of 52—56% found 25 hours after stripping re-
vealed that barrier regeneration had already
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GRAPH 3. Testosterone -4-C'4 in petroleum ether applied to normal skin sites. "Per cent" =per cent
of initial radioactivity remaining (i.e., residual radioactivity).
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GRAPH 4. Testosterone -4-C14 ointment applied to normal skin sites. "Per cent" = per cent of initial
radioactivity remaining (i.e., residual radioactivity).
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GRAPHS 5 and 6. Testosterone -4-C'4 ointment applied to stripped skin sites. "Per cent" =per cent
of initial radioactivity remaining (i.e., residual radioactivity). The 2 upper curves are controls: the
curve showing some decrease in residual activity represents testosterone -4-C'4 in petroleum ether
applied to normal skin, and the flat curve represents testosterone -4-C' ointment applied to normal
skin.
begun. Further decreases in absorption were
noted at time intervals longer than 25 hours
until 40 hours after stripping 40 minute residual
radioactivity measurements had risen to levels
of 76-89%. In 1 individual reconstitution of the
barrier was complete and in 2 others almost
complete 57 hours after stripping. In all 3 of
these subjects total reformation of the barrier
had occurred 72 hours after stripping. In the
4th subject a 40 minute residual radioactivity
level of 77% was still found 72 hours after
stripping, indicating incomplete barrier refor-
mation.
VI. Miscellaneous Observations
It was found that 45 minutes or more after
application of hydroeortisone -4-C' or testos-
terone -4-C'4 to areas of normal skin radio-
activity levels of 4—12 times background per-
sisted despite thorough scrubbing of the test
sites with ether followed by soap and water.
If the skin sites were then stripped, radioactivity
decreased in linear fashion until no significant
activity was detectable after removal of the
barrier. If the skin sites remained undisturbed
radioactivity fell to background levels within
3—5 days. These observations were carried out
on 4 normal skin sites in 3 subjects for hydro-
cortisone -4-C'4 and 7 normal skin sites in 2
subjects for testosterone -4-C'4.
Further studies were performed following
removal of testosterone -4-C'4 from stripped
skin sites in 3 subjects. After removal residual
radioactivity measurements were approximately
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It is not surprising that penetration of hydro-
cortisone -4-C'4 and cortisone -4-C' was not
detected by the gas-flow cell, since the quantita-
tive absorption of these hormones is well within
the inherent percentage of error of this device.
The absorption of approximately 78—90% of
hydrocortisone -4-C'4 from stripped skin sites
in 4—6 hours contrasts markedly, however,
with the lack of absorption of cortisone -4-C's
acetate from stripped sites over the same time
period. This disparity is perhaps explained by
one of 2 factors: either the dermal-epidermal
________
basement membrane acts as a barrier to the
75 85 penetration of cortisone so that absorption occurs
mainly by the transfollicular route, or absorption
differences are explained by the use of cortisone
4C14 as the acetate compound in contrast to
hydrocortisone -4-C'4 as the free alcohol. Ob-
servations of absorption of cortisone -4-C'4 free
alcohol from stripped skin sites and of cortisone
-4-C' acetate from ulcer bases are planned to
study this problem further.
In contrast to cortisone and hydrocortisone,
testosterone was found to penetrate normal
skin in appreciable quantities. This fact had
previously been established long ago by measure-
ment of physiological responses following testos-
terone inunction, but the previous conclusion
that testosterone is rapidly and quantitatively
absorbed through intact skin must be modified.
Hormone uptake measures up to 25% in 6—7 hours,
when demonstrable, and 42—59% in 48 hours,
while in 1 subject 32% of the applied material
still remained on the skin surface 5 days later.
Penetration of testosterone -4-C' through
stripped skin sites was exceedingly rapid with
78—91% of the hormone being absorbed within
3 hours. Graphs 5 and 6 show, however, that
absorption is appreciably slowed after the 2nd
hour following application, and in 1 subject
(graph 6) small amounts of material were still
detectable after 14 hours. Similar slowing fol-
lowing initial rapid absorption is seen after
application of hydrocortisone -4-C'4 to stripped
skin sites. Since absorption may depend largely
on diffusion gradients once the barrier is re-
moved, these findings suggest an initial rapid
penetration while tissue (corium) levels are
rising. Subsequent slowing occurs perhaps as
tissue concentrations rise faster than the steroids
are "cleared" by the circulation allowing tissue
and skin surface concentrations to come into
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GRAPHS 7 and 8. Barrier Regeneration Time—40
minute residual radioactivity levels of testos-
terone -4-C'4 ointment applied to stripped skin
sites at varying time intervals after stripping.
2j. times background counts. 2—3 hours later
radioactivity had decreased to 50—80% above
background in 2 subjects. 6 hours after re-
moval no significant activity could be detected
at the test site in the 3d individual.
Previous studies have shown that 1—2 per cent
of topically applied hydrocortisone (4, 5) and
cortisone acetate (6) is absorbed from normal
skin sites, and that penetration of hydrocortisone
occurs by both the transfollicular and trans-
epidermal routes (7). Absorption of hydrocorti-
sone from mucous membrane surfaces, in which
the superficial barrier is presumably lacking,
ranges from 26—29% (5).
DISCUSSION
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closer equilibrium. No conclusions could be
drawn from the method used concerning outward
passage of material once it had entered the
corium.
The ultraviolet light studies were undertaken
to determine whether these rays alter the barrier
to permit increased absorption. No such effect
could be demonstrated. By autoradiography
Scott and Katz (7) have shown more rapid
absorption of hydrocortisone -4-C'4 within 1 hour
after an erythema dose of ultraviolet light is
given to skin sites pretreated for 1 hour with
hydrocortisone ointment. Our failure to confirm
this finding with an identical preparation of
test areas in 3 subjects indicates that if ultraviolet
light has an absorption promoting effect it is
quantitatively small.
The studies on barrier regeneration time have
shown that following removal by stripping the
barrier begins to reform 25 hours later. Complete
reconstitution of the barrier requires 48 hours
or more but may still be incomplete after 72
hours. Variations of barrier regeneration times
in the same and in different subjects illustrate
several factors: inherent biological differences
among normal subjects, the lack of a clear-cut
end point in the stripping procedure, the fact
that barrier regeneration time may be prolonged
after vigorous and traumatic stripping (i.e., the
subjects for graph 7 were stripped by the more
gentle action of the stripping machine while
those for graph 8 were stripped by hand), and
the finding that reconstitution of the barrier
as a whole proceeds gradually as some parts of
the stripped area regenerate before others.
sUMMARY
1. The use of a gas-flow cell for study of
percutaneous absorption of radioactive sub-
stances is described.
2. Observations with this device following
topical applications of C'4 labelled steroids in a
cholesterolized petrolntum base indicate that:
a) 42—59% of testosterone -4-C'4 is absorbed
from normal skin sites within 48 hours. b) 78—
90% of hydrocortisone -4-C'4 is absorbed from
stripped skin sites within 4—6 hours. c) 78—9 1%
of testosterone -4-C'4 is absorbed from stripped
skin sites within 3 hours. d) Barrier regeneration
after stripping is just beginning 25 hours later
and is not complete before 48 hours or longer.
DISCUSSION
DR. CLARENcE S. LIvINGooD (Detroit, Michi-
gan): This is a very important study which Dr.
Malkinson has presented and I wish to con-
gratulate him.
Through the courtesy of the Upjohn Company,
Dr. Hildebrnnd and I have had access to a limited
supply of C'4 labeled hydrocortisonc. We used
the small amount which we had available to
compare the absorption of hydrocortisone when
it was applied to intnct normal skin and to
patches of dermatitis of volunteer subjects. In
addition, we compared the results when the
tagged hydrocortisone was incorporated in a
grease ointment base and a lotion vehicle. The
amount of hydrocortisonc which was absorbed
under the conditions of the experiment (con-
tinuous application for a period of 8 hours) was
calculated by determining the amount of the
radioactive material recovered in 24 hour speci-
mens of urine (these calculations were done by
Drs. N. A. Drake and E. D. Nielson of the Re-
search Department of the Upjohn Company).
The limited time for this discussion permits
only a brief resume of our results. When the
steroid was incorporated in the lotion vehicle,
in three different patients 6.7%, 13.7%, and
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15.6% of the tagged hydrocortisone was recovered
in the urine when it was applied to an area of
skin which was inflammatory, oozing and par-
tially denuded by the application of a primary
irritant or was the site of active relatively acute
atopic dermatitis; the amount of tagged hydro-
cortisone absorbed from normal skin varied from
0.79% to 3.2% in S experiments. This material
incorporated in the grease ointment base was
applied to patches of dermatitis in two subjects;
the same subject with atopic dermatitis who
participated in the lotion experiment was found
to have an absorption of 2.78%, and in another
volunteer with relatively acute dermatitis of
the axilla, the amount of radioactive material
recovered was 2.06%. We were able to study
the absorption of this tagged hydrocortisone in-
corporated in the ointment base in the case of
only one subject with normal skin; in this per-
son the amount recovered in the urine was
0.84%.
These results coincided with previous studies
which we had done regarding the absorption of
9-alpha fluorohydrocortisone when it was applied
to normal and diseased skin in ointment and
lotion vehicles (Livingood, C. S., ilildebrand,
J. F., Key, J. S., and Smith, R. W.; Studies on
Percutaneous Absorption of Fluorocortisone.
AMA Arch. Dermat., 72: 313, 1955).
It is very interesting to note that Dr. Mal-
kinson's work with C14 labeled hydrocortisone
indicates that a significant amount of this
steroid is absorbed when it is applied to denuded
cutaneous surfaces.
At least under some circumstances it seems
essential to keep track of the amount of hydro-
cortisone which is applied to the skin for the
treatment of inflammatory dermatoses. Be-
cause of this and other reasons, such therapy
should be carried out only under the supervision
of a physician.
DR. VICTOR II. WITTEN (New York, N. Y.):
This was an enjoyable paper which clearly points
out what can be done with technics utilizing
radioactive isotopes. I wonder if the very slow
disappearance of radioactivity from the surface
of the unstripped skin, and here Dr. Malkinson
spoke of the disappearance and not of absorption
of radioactivity, can be considered as being
indicative of absorption through the skin; no
mention was made of studies to indicate the
presence of radioactivity in the body fluids. In
studies which Cyril March and I have been
doing in the New York University-Bellevue
Medical Center Dermatology Radioisotope Lab-
oratories and which we will report in more detail
tomorrow, we found that radioactive material
applied to the skin of non-sensitized guinea
pigs in all probability was cast off from the sur-
face to some degree thus accounting, in part
at least, for the reduced radioactivity after
various periods of elapsed time. In the present
study one must take into consideration whether
the loss or decreased amount of radioactivity
on the surface of the normal skin, unstripped,
is not the result of its being cast off during the
dynamic process of keratinization.
I would like to ask Dr. Malkinson whether
there isn't a different solubility for hydrocortisone
free alcohol and testosterone, and if this might
not account for the differences in absorption in
stripped skin.
DE. IRvIN II. BLANK (Boston, Mass.): I
believe the vertical axis on most of your slides
was "percent disappearance." If you know the
specific activity of an applied substance, you
are in a position to measure not only the per cent
disappearance but also the actual amount of
the substance which penetrates. I wonder if such
information is available from your data. For
instance, how much steroid has penetrated per
unit area per unit time when your curves show
10 per cent disappearance?
I am not sure that I understood your presenta-
tion correctly, but I believe you showed more
rapid disappearance following washing of the
cutaneous surface with a fat solvent such as
ether. Did you also attempt to learn whether
the solvent treatment had any effect on the
barrier by observing the electrical conductivity
of the skin before and after the solvent treat-
ment?
DR. FREDERICK KALZ (Montreal, Quebec): I
was very interested in Dr. Malkinson's excellent
paper, which gave some quantitative measure-
ments, which we could not do, using autoradio-
graphs. The question of penetration, and of tissue
barriers is an interesting one; we noticed a
relatively quick passage of radioactive material
through the upper layers of the epidermis after
application of the labeled material, which then
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was retained for several hours in the basal layer.
While we could not quantitate our findings, we
thought that only very small amounts were
visualized and this amount could not be increased
by increasing the concentration of the material,
or by applying more ointment. Ultraviolet or
other stimuli causing inflammation increased the
speed of penetration, and presumably the rate of
absorption. In looking at our slides one had the
impression that some barrier regulated the rate
of penetration through normal skin; penetration
through damaged skin occurred at a faster rate,
perhaps by altering or destroying the normal
barrier. I wonder whether Dr. Malkinson at-
tributes the negative results in normal skin to
the slow rate of penetration so that the small
quantity absorbed may not be picked up by
the method used.
DR. FREDERICK D. MALKINSON (in closing): I
would like to thank those who discussed this
paper. I am not sure I will get to answer all of
the questions that were raised. Some of them
were answered with material that is contained
in the original paper and which I did not have
time to present today.
First of all, regarding Dr. Livingood's com-
ment, I was interested in his observations con-
cerning absorption differences with different
bases. We found here too, for example, that
testosterone-4-C'4 in petroleum ether was ap-
parently absorbed to some degree over a 6—7 hour
period, although when we tested several individ-
uals with testosterone-4-C'4 in a cholesterolized
petrolatum base we could detect no absorption
over the same time period.
The work that Dr. Livingood has done on
absorption of hydrocortisone4C14 as measured
by urinary excretion correlates well with our
earlier studies, some of which were presented
to this Society last year. We have found pre-
viously from detection of radioactivity in urine
extracts that both hydrocortisone-4-C'4 and
cortisonc-4-C14 are absorbed from normal skin
in small quantities approximating 1—2 per cent
of the topically applied material.
As far as loss of material from the skin sur-
face is concerned, in all of our studies conducted
for 6 hour periods or longer the test sites were
covered with perforated aluminum eye patches
taped firmly to the skin. Furthermore, we fol-
lowed the radioactivity of hydrocortisonc-4-C'4
at normal skin sites for periods up to 48 hours
and could detect no change in activity, indicating
that surface loss is negligible.
Yes, there is a difference in the solubility of
cortisone acetate and hydrocortisone free alcohol.
ilydrocortisone free alcohol is approximately 4
times more soluble in plasma than cortisone ace-
tate. I am not sure that this solubility difference
explains the difference in penetration of these
compounds through stripped skin, however.
As regards the question of tcstosterone-4-C14
being absorbed because it was applied in a fat
solvent base—petroleum ether—it should be
pointed out again that over 50 per cent of this
hormone was also absorbed from normal skin
in 48 hours when it was applied in a choles-
tcrolizcd petrolatum base.
We have not analyzed our data in the manner
described by Dr. Blank. Nor did we study changes
in electrical conductivity of the skin. Our end
point for stripping was a visual one plus, in
the early studies, correlation with whcal forma-
tion that could be observed 30—45 seconds after
application of a drop of histamine phosphate
solution.
